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One  of  the  most important  questions  in the field  of  cell  evolution
is whether  the fate of  the cell  is definitely  determined  as  soon  as it
makes  its appearance  as  an  individual  cell  among  the mass  of  em-
bryonic  cells  of  the  developing  body  or  organ,  or whether  the  final
type  into  which  a  cell  will  develop  is  determined  by  its  environ-
mental  conditions,  such  as  external  physical  and  chemical  factors.
If  the latter  principle  prevails  during  the process  of  the production
of  the  organic  form,  the  application  of  new  external  factors  would
create  new  types  of  cells  not  existing  under  ordinary  natural
conditions.
From  recent  experiments  it  has  become  evident  that  structures
which  we thought  characteristic  of certain  species  of  cells  are  in no
way specific  for these cells but may also be assumed by other species
of  cells  when  brought  under  similar  conditions.  The  above  men-
tioned  experiments  may be  divided  into  two groups,  the  first  group
comprising  experiments  in which  an animal body served  as the  sub-
stratum  for the development  of  the  cells,  while in  the second group
of  experiments  an artificial  substratum was  used.
The  experiments  of  the  first  group  have  established  three  facts:
(a) Embryonic  cells  of  the  same  type  may  develop  into  different
types as a result of their developing in different environments.  Thus,
primitive  blood  cells may develop  into erythrocytes,  if  they become
enclosed  by the  walls  of  blood  vessels,  or  they may  become granu-
lated  white  blood  cells,  if  they continue  to  develop  outside  the ves-
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sels (1).  More or less definite evidence was also obtained  to show that
certain  relations  exist  between  external  factors  and  the various  cell
types  into  which  the lymphoid  hemocytoblasts  outside  the walls  of
the  embryonic  vessels  finally  develop  (2).  (b) Fully  developed
cells  may  undergo  dedifferentiation  into  the  embryonic  state  and
then, if subjected  to  other  conditions,  may differentiate into another
fully  developed  type  of  structure  entirely  different  from  the  origi-
nal.  In  the Nemertine  Lineus  lacleus Rathke,  fully developed con-
nective  tissue  cells  (parenchymal  cells)  of small  fragments including
no  part  of  the intestine,  may  dedifferentiate  into  a more  primitive
type  of  mesenchymal  cell,  the  so  called  Wanderzellen, and  then  re-
differentiate into the epithelial cells  of the newly formed intestine  (3).
This  circumstance  also  proves  that  even  general  structures  charac-
terizing large groups of cells, such as epithelium and connective  tissue,
are  interchangeable  and  that  a  member  of  one  group  may  be  con-
verted  into an element  of  another  group.  (c) Highly differentiated
cells  may be directly  converted into other highly  specified  cell  types
without  dedifferentiation  into  the  embryonic  stage.  This is true of
the iris pigment  cells which  furnish the material for the regenerating
lens  after  the  loss  of  their pigment,  after  which  they  represent  or-
dinary  fully differentiated  but  unpigmented  iris cells.
Through the discovery of tissue culture we have, so to speak, created
a  new  type  of body in  which  to  grow a cell; i.e., a new  form  of  cell
environment,  in many  respects  different from  the normal  body  that
nature has given the cell in which to develop.  None of the results of
this  group of  experiments  favor  the  view  that specificity  and  con-
stancy  are fundamental  features  of  cell  evolution,  for  all cells,  when
compelled  to grow  within this new  form of environment  develop into
cell  types  which,  on the  one hand are different  from  those existing
in the  animal  body  and,  on  the  other  hand,  are  characterized  by a
number  of common structures, which designate them as tissue culture
types.  Champy  (4),  for  instance,  observed  that  the  cells  of  four
different  organs-the  kidney,  the  submaxillary,  the parotid, and the
thyroid of the rabbit-when cultivated outside  the organism,  change
into one cell  type; not only do  the  epithelium  and  connective  tissue
cells  of one of these organs become  indistinguishable from each other,
but all the cells of all four organs become  so much alike that it is no
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longer  possible  to  determine  from  which  of  these  organs  a  given
cell  is  derived.  By  applying  different  physical  factors  inside  the
substratum,  such  as a  varying  consistency  of  the medium  and  sup-
porting  surfaces,  it  has been  proved  that fundamental  and  general
characteristics,  typical  of large groups  of cells,  such as the cuboid  or
cylindrical  shape of  the epithelium  cells and the spindle  shape  of the
connective  tissue  cells,  become  interchangeable.
From  these  facts it has been  learned  that we  actually  know  very
little  about  the  developmental  abilities  of  the  body  cells  and  the
potentialities  for differentiation  they  would  exhibit  if  compelled  to
live under  conditions different  from  those usually present  within the
organism.  These  facts more  and  more  emphasized  the part  played
by the external  factors in  cell  development  and led to the abandon-
ment  of  the  theory  of  cell  specificity.  Furthermore,  it has  become
necessary  to admit  that our histological  system,  based  upon  certain
characteristics  which are assumed by the cell under conditions during
the  study  of  which  this  system  was  elaborated,  has no more  value
than  that  of  an artificial  nomenclature,  applicable  to  the  organism
only  so  long  as it  is  studied  under  these  particular  conditions,  and
useful only as a means  of gross orientation  in the organism under the
ordinary conditions.  Through  the relatively  high constancy of these
conditions  in nature,  we have been misled  to believe  that the  types
of  our  artificial  system  constitute  the  types  of  differentiation  into
which  a  certain  cell must  always  develop,  and  that  these  cells  de-
velop  into  such  types  only  because  of  a certain inherent  structure
which  is  present  from  the outset  of  the  embryonic  life  of  each  cell;
and,  furthermore,  that  this  structure,  attached  to the  cell  and  un-
changeable  throughout  its  life,  determines  by  its  specificity  the
course  of  differentiation  which  characterizes  this  cell  according  to
our artificial  system  of  classification.  As it has already been shown
that many  of  the features  thought  to  be specific  can  be changed  by
external  factors,  and  that some  of  these changes  are  obviously oper-
ated  and  controlled  by the  laws  of  non-living  matter,  the  question
becomes  more  and  more  important  as  to what is produced  in each
cell  by external  factors,  and what is due to an  elementary  structure
-elementary  in  the  sense  that with  its  removal the cell would lose
its  attribute of  cell.
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As I  (5)  have been  dealing with  these  problems  in several  recent
papers  I wish  to present  in the  following  short  report  another con-
tribution  to  this  subject  and  to  describe  some  changes  effected in
explanted  pigment  epithelium  cells  and  iris pigment  cells,  which  I
had  the opportunity of observing during some work on these cells.
Material and Methods.
Fragments  of iris  and pigment  epithelium  from  the adult  leopard
frog  (Rana pipiens) were  placed in hanging drops  of a medium  con-
sisting, in  a few  instances,  of  two drops  of plasma  and one  drop  of
muscle extract, but in most cases of two drops of plasma and one drop
of aqueous humor.  All the media were derived from the same species.
The last described medium proved  in many respects  to be  preferable
to the first mentioned.  In the first place it takes a long time to pre-
pare  the  muscle  extract,  which  in  spite  of all  possible  precautions
sometimes  becomes  contaminated,  whereas  the  aqueous  humor  (6),
even  when prepared  in large  quantities,  requires  only  a  short  time
and  necessitates  practically  no  special  precautions  in order  to  fur-
nish  a  perfectly  sterile  medium.  And,  secondly,  the  coagulation
effected by the plasma, when mixed with the aqueous humor,  is much
more  satisfactory  than  the  clotting  of  the  ordinary muscle  extract
mixture and may sometimes  last for several  days.
EXPERIMENTAL.
Cells of  iris and pigment epithelium  when kept in the medium  de-
scribed above do not migrate as readily as do  the cells of skin epithe-
lium under  the same conditions.  Many fragments remained without
signs  of  cell  movement  while  under  observation,  that is  to  say,  for
several  weeks,  after  which  time  they  underwent  degeneration.  In
most  fragments  from  which  cell  migration  took  place  we  did  not
observe that the cells wandered out into the medium until from 2 to
6  days  after  explantation,  while  in  cultures  of  skin epithelium  this
phenomenon was  often  visible  as early as the night following explan-
tation.  The  cells migrating  into  the medium  are  seldom  as numer-
ous  in cultures  of  iris and  pigment  epithelium  as  in cultures of skin
epithelium.  Furthermore,  we  have  not  thus  far  been  able  to  de-
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tect any mitosis in the iris pigment cells and pigment epithelium cells
when explanted.
Both types of cells are able to form membranes around the original
fragments,  the pigment  epithelium  cells  producing membranes which
resemble  a  typical  epithelium  more  closely  than  the  membranes
formed  from  iris pigment  cells.  The  membranes  which  are  formed
around  fragments  of  iris  are  sometimes  composed  of  iris  pigment
cells, unpigmented  iris cells,  and connective  tissue cells  (Fig.  1).  In
these membranes the unpigmented iris cells may be indistinguishable
from  the connective  tissue cells.
As a  rule, however,  the iris pigment  cells,  as  well  as  the pigment
epithelium  cells,  leave  the  fragments  without  being  grouped  into
membranes.  They  spread  out  from  the  edges  of  the  fragment  as
single  cells,  or form very thin and delicate  and sometimes branching
chains of  cells,  or narrow processes ending  in a very fine fimbriation
formed  by  the  elongation  of  each  terminal  cell  into  the  medium.
The last two forms  are typical of  the iris pigment cells.
Before reporting  on  the aspect which  these cells  assume when  mi-
grating into the medium, I wish to call attention to some  of the chief
features  of  the pigment  epithelium  cells and  iris pigment  cells under
ordinary  conditions.
The structures  of the normal pigment  epithelium  cells are particu-
larly characteristic,  as many  of them are not found in any other cells
of  the  animal  body.  There  are  six  characteristics  which  should  be
kept in mind when comparing these cells with the migrating pigment
epithelium  cells.  (a)  The  cell  body  is  differentiated  into  two  dis-
tinct parts,  one  of which  faces the choroid,  with which it is in close
contact.  Its more  or less  homogeneous protoplasm  contains the cell
nucleus as well  as several probably  metaplasmatic  structures,  among
which  the yellow  oil  globules  are  present  in almost  every  cell,  and,
as a rule,  can also be seen in the migrating cells  (Fig.  2).  The other
part of  the cell, the so called pigment basis, faces the retina and con-
sists mainly of  a dense mass of  rod-shaped,  yellowish brown pigment
granules.  (b) These pigment granules are  arranged irregularly,  with
no common direction  of their long axis.  (c) From the pigment basis
many  chains  of  pigment  granules,  the  so  called  pigment  strains
numbering,  according to Angelucci  (7), up to  40, originate and radiate
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toward  the  retina.  As  far  as  has  been  ascertained  it appears  that
these  chains  are  protoplasmatic  processes  containing  the pigment
granules.  (d)  The protoplasmatic  part  of the  cell is  partly covered
by a firm  cuticular  cap,  by means  of  which,  as well  as  by means  of
a number of cuticular rods  of fine  arrow-like  shape, the  cells  are  fas-
tened  together.  (e)  Seen from  the basal  surface  the pigment  epithe-
lium  cells  appear  to be  of hexagonal  shape.  (f)  It has  never  been
proved  that  these  cells  are  capable of  any kind  of movement within
the organism,  either  under  normal or pathological  conditions  and in
the numerous  eyes  which I have examined  at different  stages  of  de-
velopment,  degeneration,  and  regeneration  I have  never  been  ab'e
to observe  the slightest  sign  of movement  on  the part of  these  cells.
As  far  as this latter quality  is  concerned,  the normal iris pigment
cells  entirely resemble  the pigment  epithelium  cells,  but  in all  other
respects  fundamental  differences  exist  between  these  two  species  of
cells.  The  iris  pigment  cells  are  not  differentiated  into  two  parts,
but the spherical pigment granules with which the cell body is charged
are  distributed  evenly  throughout  the  whole  cell.  Pigment  strains
are lacking,  all the cell  boundaries  being uniformly  straight  and un-
broken.  A  simple basal membrane  covers  the basal  surface  instead
of  a  highly differentiated  cuticular  cap.  The  shape  of these cells is
cuboid.
These  same  cells  when  migrating  into  the  medium  present  a  dif-
ferent  appearance;  the  changes  in the  pigment  epithelium  cells  are
particularly  conspicuous.
Figs.  2 and  3 show  two pigment  epithelium  cells  which  have  mi-
grated into the medium and placed themselves  at the edge of a mem-
brane  formed  by  these  cells around  the  tissue fragments.  The  cul-
ture did not show  cell migration  until  the 6th day.  The  cells  shown
in Figs. 2 and 3 were drawn on the 10th day after  explantation,  while
in the act  of  isolating themselves.  None  of  the pigment  epithelium
cells  which  are  wandering  out into  the  medium  show  the  differen-
tiation into a plasmatic  part and  a  pigment basis which  is so typical
of the normal  type of these  cells.  On the contrary,  the cell body as
shown in Figs. 2 and 3 is  of  the same  structure  throughout,  the  pig-
ment being  evenly  distributed  in the  protoplasm.  As  the  pigment
granules are moved  around  slowly but continuously by the slow  and
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wave-like  movements  of  the  cell  plasma they  sometimes  congregate
more densely  at certain points  or may even  occasionally  be  entirely
shifted from  one spot,  leaving the  cytoplasm  free  of  pigment  for  a
space  of  several  minutes.  The  pigment  granules  no  longer  appear
as an irregularly  arranged  mass, but most of  them  are now  situated
so  that their long  axis runs parallel  to  the long  axis  of  the cell and
to the direction of the cell medium.  The most striking change  is the
complete  disappearance  of  all the pigment  strains.  The  cell  border
is smooth,  and fringe-like  protuberances  are  no longer  visible.
Throughout  all  these  changes  the pigment  epithelium  cells  have,
in their appearance,  approached much more closely the structure of a
normal  iris  pigment  cell.  They  no  longer  present  typical  differen-
tiation into two parts and they have lost the pigment  strains.  This
resemblance  becomes  still more marked  if we compare  the migrating
pigment  epithelium  cells  with  the  migrating  iris  pigment  cells  (8)
instead of with normal  ones, because  the migrating  iris pigment  cells
show the same  slow movements of the pigment granules,  by means  of
which several parts of the cytoplasm may become  free of pigment for
a  short time.
From  the changes  observed  thus  far,  it is  evident  that the  culti-
vated pigment epithelium  cells have lost all the features which char-
acterize  them in the organism  as a  result  of the position which they
there  occupy  between  two  essentially  different  elements,  the  retina
and  the  choroid.  In  no  cell  hitherto  examined  in  tissue  cultures
has the different  action upon cell structure  of various external factors
been so conclusively demonstrated  as in the pigment  epithelium  cells
of  the  eye.  While  the  effect  of  these  various  factors  can be  ascer-
tained from  an examination of the normal epithelium  cells, the result
of uniform environment  is seen in the cultivated  cell.  As long  as the
cell  is  situated between  two  different media,  each  side  shows  a dif-
ferent structure; but as soon as it is surrounded by a uniform medium,
a uniform structure must develop on all sides  of  the cell.
Besides  the  changes  mentioned,  other  important  differences  be-
tween the cultivated and normal  cells  are visible.  Both the pigment
epithelium  cells  and  the  iris  pigment  cells  lose  all  their  individual
structures.  This is particularly conspicuous  in the case of the former,
because  the cuticular  cap  of  these  cells  is much more  highly  differ-
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entiated  than  the  simple  basal  membrane  of  the  iris  pigment cells
and it produces a firm texture.  The cuticular cap, as well as the basal
membrane,  has  disappeared  and  thus  both  cells  have  become  alike
in that they  lack  cuticular structures.  But in order to assume  this
character  the  pigment  epithelium  cell  had  to  give  up much  more
than the iris pigment cell,  and this relation  holds  good  for  all  other
changes.  Although  this  characteristic,  i.e.,  the  lack  of  cuticular
structure,  is  a  feature  common  to all  cultivated  cells,  it is particu-
larly interesting in the present  case, because the relation between  the
disappearance  of this structure and  the existence  of uniform environ-
ment is  most distinctly  marked with  regard  to  the pigment  epithe-
lium  cell.
Finally  we  arrive  at the  shape  and  movement  of both  these  cell
types.  Although  they  obey the  ordinary  rules which  affect  all  cul-
tivated  cells  and show,  like the latter,  a close  relation  between both
phenomena,  it appears  to me  of  special  significance  that these  cells
behave  in  this  respect  like all  other  cells  thus  far  examined  in the
tissue culture condition,  because  (a)  a movement  of  these  cells  has
never been observed within the body, while movements  of most other
cultivated  cells,  such  as connective  tissue, endothelial, and epithelial
cells,  commonly  occur  within the  organs;  and  (b) the shape  of  the
cultivated  pigment  cells  is  extraordinarily  different  from  the  origi-
nal shape;  in order  to approach  the usual  shape  of  the free  moving
tissue culture cells, these cells must undergo enormous changes.  This
is  shown  in  Figs.  4  to  10,  which  are drawn from  cells  moving  in a
semifirm  (9)  medium  close  to  the  cover-slip  but without  being at-
tached  thereto.  Figs.  4,  5,  and  6 show a single pigment  epithelium
cell, while  Figs.  7 to  10  represent iris pigment  cells.  It  will  be seen
that  both  cell  types  closely  resemble  each  other  also  when  in  the
condition  of  free  movement.  They  are  both  spindle-shaped,  like
connective  tissue cells,  and  show  a  similar  disposal of  the pigment.
As a  rule,  the pigment  is  more dense  in  that part of  the cell  which
lies  backward  of the direction of movement,  than in the part flowing
forward  into the medium.  In comparing Fig.  10 with a normal iris
pigment  cell  the marked difference  in shape is apparent.
In Figs.  4  to 6 the movement  of one cell has been followed;  this is
seen to  bear a close resemblance  to the mode of movement  of the epi-
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thelium  cells of  the  skin as described in a former paper (10).  Fig. 4
was  drawn  at  3.30  p.m.  while  a  long  process  at  the  rear  was  re-
tracted into  the cell  and  the pigment was  accumulated  into a dense
pigment  mass  behind  the  nucleus.  At 3.40  p.m.  two  processes  at
the front, which had already  commenced  to form at 3.30 p.m.,  were
seen to be flowing out into two  long pseudopodia,  the  space  between
which  at  5 p.m.  became  more  and  more  filled  with the  cytoplasm
uniting both pseudopodia  into one  single  process,  the  end  of which
was dichotomically  branched  (Fig.  6).  The  cell  at  the  same  time
became narrower  as a result of being elongated.
Although  some important  individual  characteristics  still persist  in
both  cell  types,  nevertheless  the changes  already  effected  undoubt-
edly  prove  the  importance  of  external  factors  in  producing  cell
structures.  Furthermore,  it may  be mentioned  that prolonged  cul-
tivation  under  more  favorable  conditions  may  even  change  those
structures  which  could  not be  influenced  during  the  short time em-
ployed  in our experiments.  Attention  should be  called  to  the  fact
that all the changes  described were established  directly in the original
cell  and  not  gradually  in  cells  derived  from  it by  mitosis,  for  cell
division  was never  observed  to occur in these cultures.
The  experiments  seem  to  indicate  that  certain  important  and
essential  differences  must  exist  between  the  retina  and  choroid  in
order  to produce  such  peculiar structural  differences  of  two  sides of
one  cell.  Further  experiments  may  serve  to throw  some light  upon
the nature of these differences.
SUMMARY.
1. Retina pigment  epithelium cells and iris pigment cells  are placed
in an identical medium.
2.  The  differentiation  into  two  different  parts,  as well as  the  pig-
ment  strains  of  the  migrating  pigment  epithelium  cells,  is  lost.
The normally  highly specialized  cuticular structures  disappear.  The
cells  begin  to  move  and  assume  a spindle  shape,  thus  losing  their
original hexagonal  shape.
3.  The migrating iris pigment  cells begin to  show a distribution  of
the  pigment,  similar  to  that  exhibited  by  the  migrating  pigment
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epithelium  cells.  The  cuticular  structures  of  this cell  type  also dis-
appear.  These  cells  also  assume  the  ability  of  free  movement  and
become spindle-shaped.
4.  By means of these changes both cell types not only become more
similar  to the ordinary culture  cell  type, but also in certain  respects,
more  like  each  other,  whereas  before  explantation  they  were  very
unlike.  In  order  to  accomplish  this  the  pigment  epithelium  cells
must change much more thoroughly  than the iris pigment cells.
5.  The changes,  particularly  those of  the pigment epithelium  cells,
show  a  definite  relation  to  the  changes  of  external  factors,  as they
are  the expression of the transmission from dissimilar conditions exist-
ing  on  different  sides  of  the  cells into  conditions which  are  uniform
on  all sides.
In conclusion  I  wish  to acknowledge  the assistance  of Mr. Nelson
Anderson,  who  greatly  facilitated  this  work.
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Medium,  J.  Exp. Med.,  1915,  xxii, 76.
10.  Uhlenhuth,  The  Form  of  the  Epithelium  Cells  in Cultures  of  Frog  Skin,
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EXPLANATION  OF  PLATES.
Subtract  18  mm.  from  the  length  of  the  tube  given,  in  order  to  obtain  its
actual length.  All  the figures have been drawn at the  level  of the  table instead
of at the level of the microscope  desk.  The pictures are  therefore  on an average
32 per cent (linear) larger than when seen by the magnification  of the lens system
alone.
PLATE  46.
FIG.  1.  Iris  and  connective  tissue  cells  forming  a  membrane  around  a  frag-
ment  of  the  ventral  part  of the  iris  of  Rana pipiens, which  had  been placed  4
days  previously  in  two drops  of  plasma  plus  one  drop  of  muscle  extract  of  the
same species.  Drawn  from the living specimen  (Culture  E  85),  with the  aid  of
an Abbe  camera lucida.  Leitz oc.  3; obj.  3.
PLATE  47.
FIGS.  2 and  3.  Pigment  epithelium  cells  of  Rana pipiens migrating  into  the
medium,  drawn from the living specimen  (Culture E 303),  10 days after the origi-
nal fragment  had been  placed  in  two drops  of plasma  and  one drop  of  aqueous
humor  of the same species.  Abbe camera lucida;  Leitz oc.  3; obj. A; oil  immer-
sion; tube  130.
FIGS.  4, 5,  and  6.  An  individual  pigment  epithelium  cell  of  Rana pipiens,
moving  in two drops  of  plasma plus one  drop  of  muscle extract  (Fig. 4  at 3.30
p.m.,  Fig. 5  at 3.40  p.m.,  and  Fig.  6 at 5  p.m.).  Culture  E 86.  Abbe camera
lucida; Leitz  oc.  3;  obj.  A'v;  oil immersion.
PLATE  48.
FIGS.  7,  8,  9,  and  10.  Four moving  iris pigment  cells in a  semifirm  medium.
The original fragment  (Culture E 276), a small piece of the dorsal part of the eyes,
did not show  cell movement  until the  5th day.  Figs. 7 and 8 were drawn on the
11th  day  after explantation;  Figs.  9  and  10 on the 12th day after explantation.
Abb6  camera lucida;  magnification  of  Figs  7,  8,  and 9,  Leitz oc.  3; obj.  X~;  oil
immersion;  tube  130.  Magnification  of  Fig.  10,  Leitz oc.  3; obj. 6;  tube  130.THE JOURNAL OFf  EXPERIMENTAL  MEDICINE  VOL.  XXIV.
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